Many studies have indicated that the chemical cues from body odors (BOs) of donors experiencing negative emotions can influence the psychophysiological and behavioral response of the observers. However, these olfactory cues have been used mainly as contextual information for processing visual stimuli. Here, for the first time, we evaluate how emotional BO affects the emotional tone of a subsequent BO message. Axillary sweat samples were taken from 20 donors in 3 separate sessions while they watched fear, disgust, or neutral videos. In a double-blind experiment, we assessed the cardiac and subjective responses from 69 participants who were either exposed to negative emotional or neutral BOs. Our results showed a reduced cardiac parasympathetic activity (HF%)-indicating increased stress-when participants smelled the emotional BOs before the neutral BOs, compared to when they smelled neutral followed by emotional BOs. The intensity of the neutral odor also increased following the exposure to both negative BOs. These findings indicate that BOs contain an emotion-dependent chemical cue that affects the perceiver both at the physiological and subjective levels.
Introduction
Despite the widespread notion that humans have an impoverished sense of smell, humans seem to have olfactory skills comparable to those of other mammals as judged by detection studies (Laska 2017; McGann 2017) . Beyond high sensitivity in absolute threshold tests (Parma et al. 2017) , results further suggest that humans are able to detect social information from olfactory cues of body odors (BOs, Parma et al. 2017) . For instance, humans are able to identify kinship (Porter et al. 1986 ), age (Mitro et al. 2012) , sex (Penn et al. 2007) , and detect emotional states from olfactory cues alone (e.g., de Groot et al. 2015) . Moreover, humans can perceptually discriminate sickness from healthy odors at the very initial stages of infective processes (Olsson et al. 2014) . Another study Regenbogen et al. 2017) , although finding only nominal perceptual differences between sick and healthy body odors, showed that sick body odors activated a widespread network of brain areas and also tended to make individuals presented on photographs less likable. Furthermore, some studies have shown that BOs collected from negative or stressful contexts were rated as more intense and unpleasant compared to BOs collected in a control conditions (e.g., neutral and happy contexts, Ackerl et al. 2002; Zhou and Chen, 2009; Haegler et al. 2010) .
The study of the emotional cues conveyed by BOs has mainly focused on negative emotions, such as fear and disgust (e.g., de Groot and Smeets 2017; Parma et al. 2017) , to investigate one of the main functions of the sense of smell, namely protecting us from danger (Stevenson 2010) . Studies have shown that chemosensory cues of hazardous stimuli receive a preferential cognitive processing (Li et al. 2008; Parma et al. 2015) and elicit behavioral and psychophysiological responses that operate to promote avoidance and improve the chances of survival (e.g., Pause et al. 2009 ). Though threat cues from odors may be detected and discriminated (e.g., de Groot et al. 2014; Mutic et al. 2016) , effects of odor exposure are not necessarily dependent on a clear conscious percept during exposure (Lundström and Olsson 2010) . Indeed, their effects have been revealed via the analysis of implicit measures including, among others, facial electromyography (EMG) and eye scanning (de Groot et al. 2012) . As an example, smelling the BO of a person experiencing fear elicits fearful facial expressions and a correspondent increased muscle activity of the medial frontalis, whereas smelling the BO of a person experiencing disgust produces a disgust facial expression that magnifies the activity of the levator labii muscle. This suggests emotional contagion as one of the basic mechanisms regulating human chemosensory communication (see also the emotional complementarity approach, Mutic et al. 2016) . Although several studies have used physiological measures for assessing the effects of emotional BOs, such as skin conductance responses (Adolph et al. 2010) , EMG (e.g., Prehn et al. 2006; Pause et al. 2009; de Groot et al. 2012) , and electroencephalogaphy Rubin et al. 2012) , only a handful of published studies investigated how common odors impact the cardiac response, a renowned marker of stress. Among the cardiac measures, the heart rate variability (HRV), which reflects the variation in time intervals between heartbeats (Task Force of the European Society of Cardiology 1996), has been used to reveal the stress states of individuals. Greater stress responses correspond to the reduction in the percentage of high frequency (HF%) of the total HRV, in the absence of concurrent reduction of total spectrum power. These parameters can be interpreted as a selective reduction of vagal activity, which corresponds to a heightened stress state (Hjortskov et al. 2004 ). For instance, unpleasant odors, such as isovaleric acid, are associated with heart rate increase (e.g., Alaoui-Ismaïli et al. 1997; Bensafi et al. 2002; Pichon et al. 2015) . However, to date, and to the best of our knowledge, the only study using BOs to assess its effects on cardiac response is that of Albrecht and colleagues (2011) , in which they showed that both neutral and anxiety odors decreased the recipients' heart rate over the time of exposure to the olfactory stimuli. Thus, it remains unclear how cardiac activity reflects the processing of olfactory negative stimuli.
Considering that odors elicit emotional responses (see reviews, de Groot and Smeets 2017; Parma et al. 2017) and that the processing of chemical cues in general, and BOs in particular, is highly plastic and dynamically regulated by the context in which such stimuli are interpreted (Wilson et al. 2004 ); many studies have investigated how BOs serve as contextual information for other sensory modalities (preferentially visual). These studies have investigated the cognitive, behavioral, and psychophysiological modulations that odors induce in the processing of visual information (Pause et al. 2004; Zhou and Chen 2009; Zernecke et al. 2011) , with the results showing that odors can indeed modulate the processing of other stimuli and events in a manner congruent with their valence (Smeets and Dijksterhuis 2014) . For instance, smelling a fear BO while looking at faces biases the perception of the facial expression in a negative manner: happy faces are perceived as less happy than when exposed to a neutral context (Pause et al. 2004 ). Moreover, neutral or ambiguous faces are perceived as more fearful in the fear context than in the happy and neutral context (Zhou and Chen 2009 ). However, the role of BOs in serving as contextual stimuli for other sensory information is still in its infancy. The very same affective effects highlighted in the visuo-olfactory domain may emerge also when considering odor-olfactory stimulations. This would fit the idea that negative emotions, such as fear, have an adaptive function by facilitating the avoidant behaviors to potentially threatening stimuli in the environment (see review, Soares et al. 2017) . Considering that olfactory stimulation makes these stimuli more long-lasting than visual stimuli (Yeshurun and Sobel 2010) , the role of BOs as context in modulating other olfactory messages has yet to be determined.
Here, for the first time, we focus on how a BO affects the emotional tone of a subsequent BO, measured both subjectively and physiologically. Specifically, participants were asked to smell, in different orders, the BOs of individuals who donated their BO while either being in a fear, disgust, or neutral state. While smelling the odor, the cardiovascular activity was measured to reflect an individual's level of stress. After smelling, perceptual ratings of the odors were collected. This design allows us to test the effect of affective BO priming on the perception of another BOs. If the BO communication is indeed dynamic and highly dependent on contextual factors, we expect to observe a differential processing of emotional and neutral BOs depending on the order of the stimuli presentation. Specifically, we hypothesize that if fear and disgust BOs are presented first, increased perception of odor intensity and unpleasantness and a selective reduction of the cardiac parasympathetic activity will be observed when smelling the next odor, whereas the reversed pattern is expected when neutral BOs are presented first. Also, this design allows us to disentangle whether such effect occurs equally for BOs of negative valence (negative vs. neutral) or is emotion-specific (fear vs. disgust vs. neutral). If chemosensory cues of danger-related stimuli are emotion-specific, a differential pattern in psychophysiological responses should be found between fear and disgust BOs, in line with the categorical accounts of emotions (de Groot et al. 2012) . If chemosensory cues of danger are instead valence based, that is, consistent with dimensional approaches (Barret 1998) , we expect unspecific psychophysiological effects between fear and disgust, that is, an overall reduction in the HF% of the total HRV for both fear and disgust. Given that emotional chemosensory communication mostly occurs at low levels of conscious perception, no dissociations in the participants' perceptions of intensity and pleasantness between fear and disgust are expected.
Materials and methods
All the experimental procedures of this study were approved by the scientific council of the University of Aveiro and were performed in accordance with the Declaration of Helsinki and the standards of the American Psychological Association. Written informed consent was obtained from each donor and participant. Below, we will separately report the materials and methods for the Odor Sampling and the Transmission studies.
Study 1-Odor Sampling

Donors
Twenty donors came to the laboratory three times, 1 week apart for BO sampling, each time viewing one of three separate videos inducing either disgust, fear, or no emotion (neutral condition).
The donors (10 males: M = 21.30 years; SD = 2.36 years, range = 18-25; 10 females: M = 21.70 years; SD = 2.54 years, range = 19-28) were heterosexual, right-handed, and had no cardiovascular, respiratory, metabolic, psychiatric, or psychological disease nor were they taking any medication, during the three weeks of BO collection. However, all female donors were taking oral contraceptives to avoid possible fluctuations in odour quality during the regular cycle (Singh and Bronstad 2001; Havlíček et al. 2006) . Donors completed the Trait Anxiety (STAI-T, Silva and Spielberger 2007) and Disgust Sensitivity (DS) questionnaires (Ferreira-Santos et al. 2011) , both revealing no deviations from the average data which, therefore, granted their inclusion in the donors' sample.
Procedure
On the day before the BO collection, donors received a kit that included a cotton towel (Jumbo, Portugal) and a hypoallergenic bath gel (Lactacyd Derma, Omega Pharma Portuguesa) to be used for a shower at home before coming to the laboratory. The towels were washed with odorless soap (Blancotex, Jumbo, Portugal) and were packed separately in zip-lock bags prior to each BO collection (Alho et al. 2015) .
Donors underwent dietary and hygienic restrictions before and during BO sampling to reduce sweat contamination with exogenous and endogenous odorants. Starting from the evening before the sweat collection to the end of the collection, donors were asked to refrain from eating odorous food (e.g., garlic, onion, cabbage, spices), to drink coffee and alcoholic beverages, to smoke, as well to engage in physical exercise (de Groot et al. 2014 ). On the day of the BO collection, the donors took a shower with the odor-free soap and were not allowed to use any other body hygiene and cosmetic products. In the laboratory, after they washed and dried their armpits one additional time, they wore a cotton t-shirt (SportZone, Portugal), with nursing pads positioned under both armpits (Mercurochrome Baby, Laboratoires JUVA, Portugal). The nursing pads were secured to the armpit area with a portion of medical tape (6 cm, Omnifix, Paul Hartmann LDA) placed on the external side of nursing pads (i.e., the side that was not in contact with the axillary area and never came in contact with the side of the pad in touch with the skin). To allow the collection of emotional BOs, the donors watched 25 min of disgust videos, containing sickening scenes ("Pink Flamingos," Rottenberg et al. 2007 ), fear videos containing horror scenes ("The Shining," Rottenberg et al. 2007) , and a nature documentary for the neutral condition ("Easter Island-Solar Eclipse" National Geographic). The videos were presented in three separate sessions, a week apart, in a counterbalanced order. The disgust and fear videos have been successfully used in prior studies (Vianna and Tranel 2006; de Groot et al. 2012) . Unlike fear and disgust videos, no study had used the neutral videos before. Therefore, 35 young adults pre-evaluated the neutral movie to confirm that the video was indeed innocuous and did not induce either disgust or fear (see Supplementary Table S1 ). Donors were presented with one video per session and instructed to avoid looking away from the monitor. The compliance to this rule was assessed visually by an experimenter. No donor had to be excluded due to this reason. Immediately after each video presentation, donors rated their perceived emotional experience, by using 2 separate 7-point Likert scales, and completed the Portuguese version of the Positive and Negative Affect Scale (Galinha and Pais-Ribeiro 2005) . In order to control whether participants left the laboratory stressed after the emotional induction, following a 10-min pause, the donors rated once again their perceived fear and disgust subjective experience and, at the completion of the ratings, the cotton pads were removed from the t-shirt. Each of the 2 pads from each of the 3 sessions were cut into 4 equally sized quadrants (24 quadrants per donor), stored in sealed zip-locked bags, frozen at −20 °C, and defrosted 1 h before the beginning of the experimental session. The experimenter always used disposable gloves when handling the samples, in order to prevent contamination. Each cotton pad was used 5 times, balanced across conditions. This freezing procedure, as well as the reuse of the BO samples, has been adopted in other studies (e.g., Alho et al. 2015) and does not seem to change their hedonics characteristics (Lenochova et al. 2009 ). We accounted for potential differences between left and right sweat glands by asking participants to smell BOs from the left or the right armpits of single individuals. More specifically, in each block of 10 BOs, participants smelled 5 BOs from the left and 5 BOs from the right armpits, presented in a counterbalanced manner (Ferdenzi et al. 2009 ).
Dependent variables and data analysis
All data were analyzed via R using the lme4 (Bates et al. 2014) and BayesFactor packages (Morey and Rouder 2013) . Considering that we could not base on the literature our hypotheses on the nature and magnitude of the effect size, we preferred to maintain the standard option, which is based on a default prior proposed by Jeffreys (1961) , that is, the uniform distribution. To determine whether the videos were effective in inducing disgust and fear, respectively, we performed separate linear mixed models (LMMs) to analyze the subjective emotional ratings (fear and disgust), as well the positive and negative affect reported by the donors. The LMMs used for these analyses had the subjective emotional ratings, the positive or the negative affect as dependent variables, the Subject ID as a random factor and the following fixed factors: video condition (3 levels: fear, disgust, and control), session (2 levels: first or second odor presentation), order of presentation (2 levels: emotional to control and control to emotional), and sex (2 levels: males and females). Sex, group, and order differences are only discussed when significant, since this was not the main goal of the study. Results reported include the means (M) and the standard deviations (SD in brackets). To further determine the reliability of our analyses, we applied Bayesian statistics which, beyond determining potential differences between groups (as LMM), also provide evidence towards determining conclusions about a "no group difference," as well as informing on whether inconclusive evidence exists (i.e., data are not informative enough to provide support for either a difference or no difference between groups; Dienes 2016). Importantly, Bayesian analyses (ANOVABF with Subject as a random factor) allow to predict the likelihood of our hypotheses (a difference between the 2 groups exposed to the different odor conditions, as well as the direction of such difference). As a commonly accepted rule, a Bayes Factor (BF) value = 1 indicates no evidence of a difference, whereas BF between 3 and 10 indicated moderate evidence of difference between groups. BF comprised between 1 and 3 provide anecdotal evidence.
Results
The videos successfully induced disgust and fear experiences in the donors. . Notably, negative affect was significantly lower after viewing the disgust video compared to the fear video. To verify that the negative experience reported by the donors specifically reflected the emotional tone of each video, we evaluated the subjective ratings of disgust and fear before and after the vision of each video. Before watching the disgust, fear or neutral video the donors reported to experience similar levels of disgust and fear (Table 1) . After seeing the disgust video, the donors reported significantly greater disgust [M = 3.18 (0.11)] than fear [M = 1.2 (0.11)], whereas the opposite pattern was revealed for the fear video, which elicited greater reports of fear [M = 2.6 (0.37)] than disgust feelings [M = 1.2 (1.9); Table 1 ]. In other words, we verified that the sweat samples were collected within-subjects by donors experiencing disgust (during the viewing of the disgust video) and fear (during the viewing of the fear video).
Study 2-Transmission Study
BO recipients
Ninety-two participants took part in this study as observers. None of them was included in the donation part of the study. Twenty-three participants were excluded, 20 due to technical issues with ECG and 3 for not having completed all questionnaires or for being older than 35 years. The remaining 69 participants (37 males: M = 22.76 years; SD = 4.16, range = 18-35; 32 females: M = 21 years; SD = 3.66 years, range = 18-31) followed the same selection criteria that were used for the donors. They were instructed to avoid using scented body products and to abstain from caffeine and physical exercise at least 12 h before the experimental session. Normal smell abilities were ensured using the odor identification subtest of Sniffin' Sticks test (Burghart Instruments, Wedel, Germany; Hummel et al. 2007 ). Only participants who scored 11/16 or above were included in the final sample. To control for potential individual differences across groups, we analyzed the STAI-T inventory and Disgust Propensity and Sensitivity Scale (Ferreira et al. 2016) , instead of the Disgust Sensitivity (DS) questionnaire (Ferreira-Santos et al. 2011) , given that the former is more sensitive to measure stable tendencies for experiencing disgust, hence more adequate to capture potentially subtle effects of odor-induced disgust. The results did not show any clinical or extremes signs of anxiety or disgust sensitivity and, as a result, no participant was excluded. Results are detailed in Table 2 .
Procedures
The experimental session started with the signature of the informed consent and the questionnaires. To examine the effects of the BOs on the cardiac activity, 3 ECG Disposable Biopac EL503 Ag-AgCl snap electrodes were placed on the recipient's body following a standard lead II configuration (right arm, left leg, and right leg ground; (Berntson et al. 2007 ) and connected to a Biopac MP100, ECG Module (Biopac Systems, Inc.). Participants were then presented with blocks of 40 BOs (10 neutral BOs and 10 negative BOs, i.e., fear or disgust BOs, presented twice) in a double-blind, between-subject design. Participants were randomly assigned to one of the following BO conditions: neutral-disgust; disgust-neutral; fear-neutral; and neutral-fear. Each block of odors included BOs from 5 males and 5 females. Participants smelled each odor for 3 seconds and were then asked to rate the odor's perceived intensity and pleasantness levels using VAS scales (anchored to the extremes of 0 and 100). After each block of 10 odors, the observers rested for 5 min, before they were exposed to a new set of 10 odors. The recipients were instructed to sit quietly to avoid sudden movements and to sniff when the experimenter presented each odor in an open jar, positioned 2 cm away from the nostrils. Finally, the participants underwent the evaluation of olfactory functionality via the Sniffin' Sticks identification subtest (Hummel et al. 2007 ).
Dependent variables and data analysis
The analyses of odor intensity and pleasantness differences were conducted by separate LMM analyses. To fit the models, each rating was introduced as the dependent variable, the Subject ID was a random factor and the fixed factors were: Group [4 levels: DisgustNeutral (DN), Neutral-Disgust (ND), Fear-Neutral (FN), NeutralFear (NF)], Order of presentation (2 levels: emotional-control and control-emotional), Session (2 levels: first vs. second odor presented), Odor Condition (3 levels: Disgust, Fear, Neutral), and Sex (2 levels, male and female)]. Additionally, to examine whether negative odors induced any stress response on the cardiac activity, we performed the frequency-and-time domain HRV analysis, using Kubios software (Tarvainen et al. 2014 ; University of Eastern Finland, Kuopio, Finland). The frequency-domain was calculated using the power spectrum analysis on the inter-beat-intervals (for more details, see Trinder et al. 2001) . We considered the following measures: total power (reflecting total HRV, ms 2 ), High Frequency an index of pure The values reported in the first row of each cell represent beta values, whereas the values in brackets represent the standard errors. The constant values refer to the intercepts of the models considered. Empty cells represent the variables used as reference for the other calculations. *P < 0.1, **P < 0.05, ***P < 0.01 vagal tone, expressed as absolute power in arbitrary units, percentage of HF (0.15-0.40 Hz) over total power. For a time-domain approach, we calculated the time interval between consecutive R-waves (RR), which reflects the myocardial contraction frequency (ms). To correct for non-normality, HRV variables were log-transformed (Task Force of the European Society of Cardiology 1996).
Results
The cardiac parasympathetic activity is selectively reduced when participants smell the negative odors before the neutral odor
The results of HRV measures, time-and frequency-domain, revealed no significant differences between groups at the baseline, when no odor was presented (Supplementary Table S2 ). Considering that the duration of the exposure to the odor is different across groups (see Supplementary Table S3 with the results of the model and Supplementary Figure S1 ), we included the duration of the session as a covariate in the model assessing whether HRV variables are different based on the group and the odor condition. The only measure reaching the level of significance was the percentage of cardiac parasympathetic activity. As depicted in Figure 1 , the high frequency proportion (HF%) of that activity was significantly reduced when participants smelled the negative BO as compared to the neutral BO. Although no differences were evident between DN and FN groups, they both showed reduced HF%, as compared to ND and NF. Please refer to Supplementary Table S4 for details on the other measures.
Smelling a negative BO increases the perceived intensity of a subsequently presented neutral BO
The LMM analysis on intensity ratings revealed no significant main effect of Group [X 2 (3, N = 2760) = 4.89, P = 0.18] and any interaction involving this factor (P > 0.05). A significant main effect of Odor Condition [X 2 (2, N = 2760) = 18.00, P = 0.0001] was found. Post hoc contrasts indicated that the neutral odor was perceived as more intense than the disgust [Z = 3.06, P = 0.007, CI (2.71-5.33)], but not the fear odor [Z = 2.01, P = 0.13, CI (2.26-6.71)]. Importantly, a significant main effect of Odor Presentation Order [X
2
(1, N = 2760) = 6.24, P = 0.01] was retrieved. The second odor was perceived as more intense than the first odor presented. As evident from Figure 2 , this pattern is significant for the DN (neutral = 47.63; disgust = 40.33, P < 0.004) and the FN groups (neutral = 45.63; fear = 39.23, P < 0.02), but not for the ND and NF groups. This entails that the neutral BO was perceived as more intense following the presentation of a negative BO, irrespective of the emotional characterization of the odor itself (disgust or fear). The Bayesian analysis confirmed that there was no evidence of a difference across the intensity ratings of the groups (BF = 0.21 ± 0.88%). For the full results, please refer to Supplementary Table S5. Considering that the distribution of intensity ratings is bimodal within each group, equally for both odor conditions, and across groups, we believe this reflects The values reported means (SD). a different sensitivity to odors by the participants. By calculating the local minima within the 2 maximal peaks of the overall density distribution (Intensity: 35.02), we split the sample in low-sensitivity group (those who rate the odors as having intensities lower than 35.02) and high-sensitivity group, those who rate the odors as having an intensity above 35.02.
Within group, the neutral and emotional odor conditions are perceived as iso-pleasant
The LMM on pleasantness ratings did not reveal significant main effect or interactions (P > 0.05, Table 3 for full model details), besides the effect of Group [X 2 (3, N = 2760) = 12.28, P = 0.006]. However, post hoc contrasts revealed that the NF group rated the fear samples as more pleasant than the FN group [Z = 3.66, P = 0.007, CI (6.84-11.97)], as showed in the Figure 3 . The Bayesian analysis support only up to anecdotal evidence of Group differences in the pleasantness ratings (BF= 1.04 ± 0.66%). For the full results, please refer to Supplementary Table S6 .
Discussion
The goal of the current research work was to investigate the ability for an emotional or neutral BO to act as context for the decoding of a subsequently presented BO, as reflected in subjective and psychophysiological responses. First and foremost, the analysis of the cardiac activity revealed that smelling the negative emotional odors before smelling the neutral odor reduced the cardiac parasympathetic activity measured during the presentation of the second block of odors (the neutral BOs, in this instance). Instead, when participants smelled the negative emotional odors preceded by the neutral odor, such reduction in the cardiac parasympathetic activity did not emerge when the second odor block (in this case, the negative emotional odors) was presented. This is expected as the emotional tone of the odor is negative, whether it is fear or disgust (e.g., de Groot and Smeets 2017; Parma et al. 2017) . No specific modulation was retrieved based on the specific emotion transmitted, supporting the idea that BOs presented first and serving as context for BOs presented subsequently may be based on the communication of the valence of the stimulus but not its specific emotional tone (e.g., Chen et al. 2006; Prehn et al. 2006 ). This result suggests that being merely exposed to negative chemical cues can influenced the HRV response of subsequent neutral stimuli. In the animal kingdom, many studies have demonstrated that fear chemosignals act as warning signals by affecting the physiological responses of the recipients and increasing their level of vigilance for environmental cues (Wyatt 2003) . For example, Horii and colleagues (2013) conducted a study where they investigated the effect of the order of odor exposure on the Autonomic Nervous System (ANS) activity in rats. They found that an unpleasant odor (i.e., the odor of a predator) induced a stress response in the recipients. They questioned whether the subsequent exposure to a pleasant odor (linalool) would facilitate the stress recovery process. Instead, they showed that the subsequent exposure to a pleasant odor amplified the ANS-mediated stress response. According to the authors, exposing the rats to aversive stimuli, in this case smelling the presence of a predator, generates a hyper-alert state, which facilitates behavioral responses that promote escape or avoidance.
Previous studies that investigated odor contextual effects using fear-related cues within the visual domain in humans showed similar results. In the context of fear-related cues, the observers seem to act with more caution (Pause et al. 2004; Zhou and Chen 2009 ). For instance, female recipients when exposed to fear chemosensory stimuli (compared to a neutral sweat and a control condition) performed better in a word association task, showing higher accuracy and shorter response times on the meaningful word conditions, compared to conditions where words displayed an ambiguous content Chen et al. 2006) . At the neural level, fear-related cues are encoded in the same way as other biologically relevant and threatening stimuli. As Mujica-Parodi and colleagues (2009) demonstrate, exposure to stress cues increases the BOLD responses in the amygdala, an area which preferentially responds to relevant and threatening information (Sander et al. 2003) . Accordingly, research has also shown that BOs associated with disgust prompt the mobilization of the organism to avoid potential contaminants or diseases. Disgust BOs are known to induce disgusted facial expressions (de Groot et al. 2012) , which involve slightly narrowed brows, decreased eye and nasal aperture (nose wrinkling), a facial structure which favors the limitation of the incoming sensory input, reflecting the motivation to avoid or reject pathogenic agents (e.g., Susskind et al. 2008 ). Indeed, humans are able to detect BO cues from sick individuals (Olsson et al. 2014) , with this effect being enhanced when BOs and faces are combined (Regenbogen et al. 2017) . Hence, as evident for animals, also humans are affected by negative emotional cues, such as fear and disgust, as indicators of threat in the environment and implement adaptive responses evident at the physiological level that prepare the organism to deal with dangerous situations. Moreover, this effect seems to be enhanced when the odor serves as a contextual information presented in parallel with visual information, such as socially relevant stimuli (faces; e.g., Zhou and Chen 2009; Zernecke et al. 2011) . Our study adds new evidence to the existing literature, in which BOs are presented in cross-modal paradigms, by showing that these adaptive responses are extended to olfactory intramodal contexts.
Besides a cardiac response compatible with a stress-induced response, the subjective ratings of odor intensity additionally confirmed that the negative BOs act as cues to the presence of threatening information. This is evident when we evaluate the intensity ratings performed on the neutral odor. Indeed, the perceived intensity of the neutral odor was greater after having previously being exposed to one of the 2 negative BOs (i.e., fear and disgust). On the contrary, when the neutral odor was rated during the first session, then no difference in the intensity of the BOs were retrieved. These results suggest that the negative BOs may have induced an increased attentive state that facilitates the detection of threatening stimuli, which is reflected at the perceptual level with greater ratings of intensity. Indeed, this hypothesis would be in line with evidence obtained via conditioning paradigms, which reveal that the sensitivity to an odor paired with a threatening stimulus is increased after the association is made (see Parma et al. 2015) . Contrary to other accounts which suggest that the association of an odor with a threatening stimulus also produces a change in the quality of the stimulus (Li et al. 2008 ), we were not able to retrieve any changes in the pleasantness of the BOs, irrespective of whether they acted as a prime or a subsequent stimulus. The lack of significant differences in the pleasantness ratings across groups and odor conditions as well as sessions, suggests that the odor conditions, irrespective of the emotional tone expressed, were all neutral to mildly unpleasant, as expected from BO samples from donors who did not wear any fragrance (Lenochová et al. 2012) . The comparison with the threatening effect revealed in the intensity ratings suggests that the exposure to negative BOs versus neutral BOs sensitizes individuals to the presence of the BO, but does not change the quality of the BO, as suggested by the pleasantness ratings.
One may argue that the lack of emotional specificity in the psychophysiology and subjective ratings in the observers may depend on an inefficient emotional induction in the donors. However, this is highly unlikely given that our donors subjectively rated their experience as selectively congruent with the emotional tone of the videos they were exposed to. This method has been supported already by many accounts (e.g., de Groot et al. 2012 ). However, we cannot exclude that with other psychophysiological tools an emotional-specific effect would have been retrieved. Indeed, as previously demonstrated by de Groot and colleagues (2012), EMG is able to differentiate the stress responses of different negative emotions, which suggests that relevant information (danger detection) may be gathered redundantly with many systems. Future studies should combine these measures and include additional ones to map which are the most effective measures reflecting the decoding of odor as context in chemosensory communication.
A potential limitation of our study is the lack of positive stimuli for a full account of the valence dimension. Therefore, to extend the comprehension of chemosensory modulation on physiological response, we encourage futures studies to examine the effects of positive emotions (e.g., happiness) using a within-subject design. Our results suggest that being exposed to negative human cues can affect the HRV response of subsequent neutral stimuli. However, we did not measure the duration of such effect future studies could directly test this research question. Moreover, to fully test the extent to which intramodal BOs contextual effects emerge, all the options not included in the present design (e.g., neutral-neutral, fear-fear, disgustdisgust conditions) should additionally be investigated. Furthermore, since the results from Mutic et al. (2016) study showed that chemical cues of aggression can indicate a specific type of information, the intention to harm, we also encourage further studies to include this negative emotion, in order to investigate whether its effects on cardiac and subjective response is specific or valence based. Another limitation of our study is that we only included women participants who were taken the hormonal contraception and, therefore, our results cannot be generalized to women that are not undertaking hormonal contraception.
To sum up, the use of the cardiac response allows us to gather insights into the olfactory-induced stress/relaxation responses and to reveal that odor-odor presentation order can affect the subsequent decoding of the message. Therefore, trial by trial analyses are warranted when several emotional BO are compared.
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